Local buckling may occur in the compression flange of rectangular hollow-section beams under cyclic repeated loading arising from earthquakes. Once a local mechanism forms, residual strength rapidly reduces within a few cycles. This is true even for compact sections under static bending. This paper aims to study the experimental behaviour and ultimate moment capacity of unfilled and concrete-filled rectangular hollow sections subjected to cyclic reversible loading. Two types of filler material were used -normal mix concrete and fly ash concrete. The effect of filler materials, section slenderness, loaddeflection response, moment-strain behaviour, first cycle peak load, ductility, stiffness degradation and energy absorption of concrete -filled RHS beams are studied.
Concrete-filled steel tubes -CFSTs are used in many structural applications including columns, supporting platforms of offshore structures, roofs of storage tanks, bridge piers, piles, and columns in seismic zones (Kilpatrick and Rangan 1995) . Concrete-filled steel box columns offer excellent structural performance, such as high strength, high ductility and large energy absorption capacity and have been widely used as primary axial load carrying members in high-rise buildings, bridges and offshore structures (Lu and Kennedy, 1994) . Application of the CFST concept can lead to overall savings of steel in comparison with conventional structural steel systems. In CFST composite construction steel tubes are also used as permanent formwork and to provide well-distributed reinforcement (Assi, 2003; Furlong 1967) . Test results have shown that the concrete core delays local buckling and forces the steel tube to buckle outwards rather than inwards, resulting in a higher flexural strength therefore, tubes with thinner walls could reach yield strength before local buckling occurs (Zhao, 1999; Lu and Kennedy 1994) . Zhao et al (1999 Zhao et al ( , 2002 and Elchalakani et al (2003) conducted experiments on concrete filled steel tubes from this study following inferences are obtained due to filling of steel hollow tube with concrete an increase in flexural strength are obtained. Furlong (1967) reported that using expansive cement enhances the bond and provides chemically prestressed elements and the steel tube is axially loaded the confinement effect is delayed until the expansion of concrete overcomes that of the tube. The composite action and bond in CFST were also studied by Hunaiti (1997) from this study following interesting findings are observed under axial compression, the steel tube confines the concrete which improves both the axial load resistance and ductility of the CFST members. Different researchers concluded that confinement effectiveness is reduced by using rectangular or square tubes, by using high strength concrete by increasing the slenderness of columns and pure flexural members (Furlong 1967; Lu and Kennedy 1994; Kilpatrick and Rangan 1995) . The test conducted by Angeline Prabhavathy et al (2006) in filled frames, showed that concrete in-filled beams give additional stiffness, which delays the failure of the columns. Design specifications CIDECT are very conservative due to the lack of consideration of the confinement effect in CFST. The main objective of this cyclic test program is to obtain experimental data and to study the hysteretic behaviour of CFST beams with different infill materials. 1. The special characteristics of the current testing program include 2. Thin walled section (thickness = 3.2mm) 3. The depth -to-thickness ratio (d/t ratio = 29.25) 4. Yield strength of the steel section (yield stress up to 355 Mpa) 5. Two different filler material (normal mix concrete and fly ash concrete) and 6. Cyclic reversible loading system 7. The experimental results of Hollow, Concrete-filled RHS beams and the CIDECT standard are compared.
Experimental Program

Material properties
Totally nine specimens consisting of three Rectangular Hollow To obtain the basic properties of steel sections, three tensile coupons were extracted from the flat surface of the tube. The tensile coupon tests were conducted according to the Indian standard specification "IS: 1608-1972 "METHOD FOR TENSILE TEST-ING OF STEEL PRODUCTS". Geometrical properties of the steel section are given in Table 2 . The concrete used had a water-cement ratio of 50% (by weight). The filler material consisted of normal mix concrete and fly ash concrete with different compression strengths and densities.
The mechanical properties of the concrete were then determined from the average compression test results on three cubes (150mm x 150mm x 150mm) in each series. Concrete cubes were cured for 28 days to determine the compression strength. The concrete cube tests were carried out on the same day as the beam tests. The measured properties for the filler material are listed in Tables 3. 
Type of Con
Test procedures
Three RHS and six concrete filled specimens were tested. They are summarized in Table 1 . Where the specimen label, dimension of the specimen and types of filled concrete are given in which designation starts with RHS, NMC & FAC (Rectangular Hollow section, Normal Mix Concrete and Fly Ash Concrete). The 400 kN capacity UTM (universal testing machine) was used to perform the test. Each specimen was subjected to reversible cyclic bending. The test procedure of cyclic reversible load is described below. The test specimen was arranged in a manner of simply supported condition. The load was applied by two-point method at onethird distance of the span of the specimen. The load was applied gradually through a jack at an increment of 5kN. In the first cycle load was applied to a maximum of 40kN then the specimen was unloaded with a decrement load of 5kN. The load was brought to zero. Afterwards the specimen was turned over and arrange in the position of simply supported condition and the cycle test was performed as described above. Thus one complete cycle of loading and unloading was performed .In second, third, fourth and fifth cycles the load reaches in each cycle is 50kN, 60kN, 70kN and 80kN respectively. Deflectometers were placed under the loading point and the centre (midspan) of the specimen to measure the deflections. Strain gauges were also used to measure the strain values these are fixed at centre (midspan) of the beam specimen and in top and bottom faces of the beam specimen. From the deflection and strain values, Load-Deflection and Moment -Strain behavior was studied. Figure 2 shows the method to apply the load to cyclic test. 
Testing arrangement of specimen
Results and Discussion
Moment Carrying Capacity
The moment carrying capacity of the hollow and concrete-filled RHS beams is shown in Table 4 . The moment carrying capacity is determined by the product of the applied force and a distance. The increase in ultimate moment carrying capacity was found to be about 28 % to 36% and 20% to 28% for RHS beams filled with normal mix concrete and fly ash concrete respectively. It can be seen that the void filling increases the moment carrying capacity of RHS Beams. The difference in percentage of increase is due to different compressive strength of the filler material shows in Figure 3 .
The Moment-Strain hysteretic graphs for RHS and Concrete filled sections shown in Figure 5 indicate that a uniform mechanism without cracking was observed. The maximum moment reached in each cycle is plotted. The compressive and tensile strain values are within the limit of 0.002 to 0.003.
The detailed incremental Load-Displacement (deflection) curves (hysteretic loop) are plotted against the number of cycles in Figure 6 . This clearly shows that Concrete filling increases the load capacity and flexural behaviour of RHS beams to resist cyclic load especially when the displacement becomes excessive.
Sl.No Specimen Label
Mexp MPlas Mexp / MPla 
Ductility
The graph shown in Figure 6 Load-Deflection curve, at 80% of ultimate load ductility factor was found. The ductility factor as shown in Table 7 it can be seen that the higher the concrete compression strength, the larger the ductility ratio especially for thinner sections.
To prevent the premature buckling failure of steel hollow specimens, the allowable ratio (D/t) of the steel hollow sections specified in EC4 as shown below was referenced by Zhao et al (1999) (1)
Where fsy = Steel yield stress in N/mm 2 D = Depth of the section t = Thickness of the section The ratio of depth to thickness (d/t) is 29.25 for the sections listed in Table 2 this is less than the corresponding limit of (D/t) 42 (Equation 1 ). From this investigation demonstrated, that increases in ductility.
A void-filled specimen was bent to a maximum angle (Ө) of 29°. The rotation angles when the ultimate moment is reached for Concrete-filled RHS beams are shown in Table 6 . Ө NMC and Ө FAC for the sections filled with normal mix concrete and fly ash concrete together with the corresponding value of Ө y for RHS beam. The increase in rotation angle at the ultimate moment of the concrete filled section is nearly 350% as shown in Figure 4 . From the above it can be concluded that Concrete filling significantly increases the ductility of RHS beams. Table 6 . Rotation angles at ultimate moment 
Size
Energy absorption capacity and Stiffness degradation
The energy absorption capacity of the beam members can be approximated as the area enclosed by the hysterecis loop (load-deflection curve) in each cycle shown in Table 7 . The energy absorption capacity is increase in rectangular section filled with normal concrete and fly ash concrete is 1.53 times and 1.49 times when compared to hollow section. It can be seen that concrete filling increase the energy absorption.
The stiffness degradation parameter is calculated by slope of the tangent to the hysteretic loop curve for each cycle is upto 64% for rectangular hollow section, when the beam specimen filled with normal mix concrete and fly ash concrete its stiffness degradation is 37% and 36%. From the research it can be under stand that higher compressive strength concrete gives a higher ductility ratio. The ductility factor is improved in concrete filled section when compared to steel hollow section. 
Arivalagan and Kandasamy / Journal of Engineering Science and Technology Review 2 (1) (2009) 145-150
Failure mode
In RHS sections single outward folding mechanism without crack formed after two cycles. There were no folding mechanisms formed in filled specimen after five cycles. Only Top distortion (in-ward Bend) formed at the top flange portion under cyclic loading shown in Figure 7 in both normal mix concrete and fly ash concrete. The type of mechanism depends on the compactness of RHS section and properties of the filler materials.
Conclusion
Tests were conducted in three RHS sections (100 x 50 x 3.2mm) and six concrete filled sections with two different types of filler materials. The two filler materials used were normal mix concrete and fly ash concrete. The filler materials have different compressive strengths and densities. From the above test the following interesting conclusions are made
1) The increase in ultimate moment capacity mainly depends on the filler material strength. 2) The ultimate moment capacity for concrete-filled RHS members based to the CIDECT standard was found to be good agreement with the experimental ultimate moment capacity of RHS beams filled with normal concrete and fly ash concrete. 3) Two failure modes were observed in the current research programme, namely a single outward folding mechanism without cracks (hollow sections) and no folding mechanism was formed only top distortion (filled sections). The type of mechanism depends on the properties of the filler material. 4) Experimental results show that void filling increases energy absorption capacity, reduces the stiffness degradation and increases the ductility factor. 5) From this research it was observed that fly ash concrete could be used as infill material for an acceptable mechanism.
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